11, 600. Thompson, A. R. (1951) . Aust. J. sci. Res., Series B, 4, 180. Van Baalen, J. & Gurin, S. (1953) . J. biol. Chem. 205, 303. Studies on the Use of Sulphonated Cation-Exchange Resins for the Hydrolysis of Ovomucoid Acid hydrolysis of mucoproteins in order to liberate their sugar components tends at the same time to destroy the sugars produced. The carbohydrate residues present (as judged by colorimetric estimations) are not all recovered as monosaccharides after hydrolysis. During such hydrolysis there is usually a formation of black insoluble, or yellow soluble, hulmins, which probably arise in part from condensation of liberated neutral sugars with amino sugars or amino acids. Tryptophan is particularly liable to combine with neutral sugars in this manner (Lugg, 1938) . Underwood & Deatherage (1952) heated the sulphonated cation-exchange resin Dowex-50 with coffee proteins and obtained a good yield of amino acids which were absorbed by the resin. Humins were not formed. Since neutral sugars would not be absorbed, the resin method seemed applicable to mucoproteins, in that the products of hydrolysis would be immediately separated, and their further chemical interaction less likely. Moreover, neutral sugars would be exposed to a high concentration of hydrogen ions only in the immediate vicinity of the insoluble resin: this also might reduce sugar destruction. Preliminary experiments (A. St. J. Dixon & R. W. Jeanloz, unpublished) confirmed that Dowex-50 resin hydrolysis compared favourably with previously used acid-hydrolytic methods in liberating neutral sugars from mucoproteins isolated from human plasma. Accordingly, the following study of the method was undertaken, using ovomucoid as a model.
MATERIALS AND METHODS
Ovomucoid was obtained from Worthington Biochemical Corporation, Freehold, New Jersey, prepared according to Lineweaver & Murray (1947) , and had a moisture content of 14-6% as determined by drying to constant weight under 2-0 mm. Hg at 600. Its composition, corrected for moisture content, was as follows: acetyl, 4-3; N, 13-4, 13-6; hexosamine 9*0, 9-4 (2N-HCl hydrolysis); hexose (expressed as mannose), 10*0+0*3 (average of five estimations, anthrone and orcinol methods, ± standard deviation).
[x]20, -730 (1% w/v aqueous solution in 1 dm. tube).
The preparation inhibited 80 % of its own weight of crystalline trypsin (obtained from Armour Laboratories, Chicago, Illinois). AtpH 8-6, ionic strength 0-1,in sodium barbiturate buffer, ovomucoid separated under electrophoresis in the Tiselius apparatus into 93% of a component of mobility -3.4 x 10-5 cm.2 v' sec.-', with secondary peaks of 4 % at approximately -3 x 10-6, and 3 % at -1-9 x 10-' cm.2 v-1 sec.-' towards the anode respectively. At pH 4-0, ionic strength 0-1, sodium acetate buffer, four main components were visible. Thus the analysis of this material corresponds closely to that reported by Lineweaver & Murray, but it cannot be considered homogeneous.
Resins
The following cation-exchange sulphonated resins were tested: Dowex-50 (X2 C-L, lot no. 2921-33, 50-100 mesh/ in.); Dowex-50 (X8 C-L, lot no. 2921-16, 50-100 mesh/in.); Dowex-50 (X 16 C-L, lot no. 2993-19, 50- Table 1 after 2 days. Thus ofthe remaining resins, Amberlite IR 120-H showed least breakdown and Dowex-50 (X 16 C-L) the most. The Amberlite IR 120-H did not show much advantage over the Dowex-50 main batch (cross-linkage not known). As the I955 particle size of the latter was much finer and more appropriate for use as a hydrolysing agent it was chosen for experimental use. A large standard batch was prepared, dried and stored at 00. This batch did not change appreciably during storage for several months as regards the amount ofacid and colour liberated on heating with water to 1000 and was used throughout the hydrolysis studies. (S0rensen & Haugaard, 1933) as modified by Friedman (1949) or by the modification by Loewus (1952) of the anthrone method. For this latter method to be satisfactory glassware must be acid-washed and capped to exclude dust, solutions must be filtered to remove lint, and a rigid mixing schedule must be followed since colour development (Scott & Melvin, 1953) Sugars, amino sugars, and amino acids were separated by descending paper chromatography at room temperature, using Whatman no. 54 paper, n-butanol-ethanol-water (4: 1: 1, by vol.) as solvent and developing for 24 or 48 hr.
'Tentative identifications of sugars in this solvent system were confirmed by mixing with known sugars and chromatographing in alternative solvent systems.
The sugars and amino sugars were detected using aniline hydrogen phthalate spray (Partridge, 1949) ora silver nitrate method ' (Trevelyan, Procter & Harrison, 1950) . If clean fresh reagents were used with the latter, permanent blackon-white chromatograms were obtained suitable for transmission densitometry in which the sugar to be measured was compared with a series of standards included on each side of the same chromatogram, with an error of ± 14% (pereentage standard deviation of duplicates). Alternatively, the spots were located by colour development of the standards only, eluted (Wyatt, 1951) and quantitatively estimated by the appropriate method as above.
Total amino groups were measured colorimetrically in -terms of DL-alanine by the ninhydrin method of Moore & Stein (1948) .
Resin hydrolysis of ovomucoid was carried out in 10 x 100 mm. tubes, each containing 0 9 g. of the prepared selected resin, 4-5 mg. of dry ovomucoid and 3 0 ml. of water. After sealing, the tubes were heated at 1000 for 0, 0-5, 1, 2, 4, 16, 64 and 128 hr. with constant mixing. In duplicate runs the tubes were laid horizontally (to expose the greatest resin surface) in a steam bath at 1000. There was little difference in the quantitative results; constant mixing gave a slightly increased rate of hydrolysis. At the end of each period a tube was withdrawn and stored at 00 to prevent further hydrolysis. When the series had been completed, the tubes were centrifuged and opened, and their contents and 6.0 ml. of washings poured (to form chromatographic columns) into funnel-topped, taper-pointed 200 x 6 mm. tubes prepared by plugging with glass wool and a layer of sand followed by a 15 mg. layer of charcoal iDarco G-60 Control tubes subjected to the same procedure contained resin and water only.
Representative acid hydrolysis tubes included for comparison contained 4-5 mg. of ovomucoid in 3 ml. of 0-5N-H2SO4 or in 3 ml. of 2 0x-HC1. These were sealed and incubated under the same conditions and for the same periods as the resin hydrolysis series. After opening the tubes, the sulphuric acid hydrolysates were neutralized with excess BaCO2 and filtered. Hydrochloric acid hydrolysates were evaporated to dryness over NaOH under reduced pressure in the cold (0-4 hr. hydrolysates) or under a stream of dry N2 at 600 (16 and 64 hr. hydrolysates). The residues were taken up in a little water. Acid hydrolysates thus neutralized were passed through similar columns containing 0-9 g. of Dowex-50 (acid form) over a 15 mg. layer of charcoal and separated as before.
RESULTS
The procedure was tested for possible losses by means of the anthrone or orcinol methods in the following recovery experiments. It is to be noted that conversion of hexose into another chromogen would not have been detected.
A solution of mannose in water (10 jg./ml.) was heated to 1000 in sealed tubes with resin for periods upto 64 hr. Losseswere: 0-48hr., nil; 48-64hr.,15 %.
Published reports on the proportions of sugars (Stacey & Woolley, 1940 , 1942 and amino acids (Lewis, Snell, Hirschmann & Fraenkel-Conrat, 1950) were used to prepare a simulated ovomucoid hydrolysate, which was heated to 1000 with resin in sealed tubes for 16 hr. Loss (average of two), nil.
Sugars were added to ovomucoid solution in amounts sufficient to double the expected concentration of carbohydrate. After hydrolysing the mixture with resin for 16 hr. at 100°the colour value for added carbohydrate was unchanged.
An aqueous solution of galactose (2 ml.; 20 pg./ ml.) was mixed with varying proportions of charcoal. Provided the ratio of charcoal to galactose did not exceed 250:1 the galactose was not adsorbed. This amount removed at least 80% of the brown-coloured material formed by resin breakdown during a 16 hr. hydrolysis. The remaining 20 % was insufficient to affect the colorimetric estimations of neutral or amino sugars.
A solution of mannose, galactose and glucosamine was mixed with resin which had been heated in water at 100°for 16 hr. The sugars were then separated from the resin and its breakdown products, according to the scheme outlined above. No loss of colour value for carbohydrate during separation was demonstrated.
Ovomucoid was hydrolysed with Dowex-50 resin and the sugars isolated according to the above procedure. hydrolysis could be accounted for as free mannose and galactose. Moreover, the yield of hexoses, as judged both by colour values of the hydrolysates and by densitometry of hexose spots on chromatograms, was surprisingly constant for the resin method after 4 hr. of hydrolysis, compared with the more erratic yield from 0-5N-H2SO4 hydrolysis, which falls off rapidly after 4 hr.
When 0-5N-H2SO4 hydrolysis of ovomucoid was allowed to proceed for 16 hr., there was no change in the orcinol colour value for carbohydrate of the reaction mixture as a whole. (Fig. 2) . Values for hexosamine and its acetyl derivative (colorimetric methods) corresponded well with those obtained by quantitative paper chromatography. The resin and sulphuric acid methods gave yields which were 95 and 80 % respectively of those obtained by hydrochloric acid hydrolysis. The HCI method also gives a product which produces the cleanest hexosamine chromatograms, and is therefore the most satisfactory of the three methods tested for recovery of amino sugars.
The identity of the hexo8amine Masamune & Yosizawa (1950) and Odin (1951) have stated that ovomucoid contains galactosamine. Our results failed to confirm this. The hexosamine, when converted into the correspondingpentose with ninhydrin yielded only arabinose. Results were the same when the hydrolysis schedule of Odin (1951) was followed; paper-chromatographic analysis of three successive crystalline crops showed glucosamine and several amino acids. The mother liquor still contained a trace of amino sugar, all of it glucosamine. The N-acetylhexosamine, eluted from a paper chromatogram on which it had been separated after resin hydrolysis of ovomucoid, gave a colourless syrup which spontaneously crystallized. After hydrolysis of these crystals to the hexosamine, and conversion into the corresponding pentose, only arabinose was found. When dealing with pure materials, as in this case, the method is sensitive to as little as 2-5 % of galactosamine in the presence of 95-98 % of glucosamine (Stoffyn & Jeanloz, 1954) .
This discrepancy between these reports might arise from differences in the method of preparation and purity of the ovomucoid.
DISCUSSION
So far, we have used the resin method only for soluble glycoproteins and mucoproteins, but Glegg, Eidinger & Leblond (1953) have applied a similar method to the hydrolysis of reticular fibres. A 48 hr. hydrolysis was used. Elsewhere these workers have published control experiments on hexoses submitted to their procedure (Glegg & Eidinger, 1954) . Deuel, Selnis, Angas-Weiss & Huber (1951) were unable to hydrolyse glycogen with Amberlite IR-120, whereas Wadman (1952) demonstrated some hydrolysis of 'soluble starch' by the same resin, and obtained complete methanolysis of methylated starch in the presence of this resin and methanol. These results suggest that the size of the molecule may influence the extent of resin hydrolysis.
The effectiveness of the resin as a hydrolytic catalyst is unlikely to depend on the small concentration (less than 0 0001N) of sulphuric acid which results from resin decomposition during the hydrolytic procedure in the time (4 hr.) required to achieve maximum sugar liberation from ovomucoid. From 48 hr. onward, however, the amount of free sulphuric acid is such that concentration of the hydrolysate without previous neutralization will destroy a significant proportion of the hexoses. Moreover, if the concentrate be applied directly to a chromatogram it may attack the paper, producing glucose, etc. as artifacts. Preparations submitted to resin hydrolysis must not, of course, be contaminated with salts since by ion exchange equivalent amounts of acids will be set free.
The orcinol and anthrone colour values for total hexose, taken with the ratio ofmannose to galactose found by elution after chromatographic separation and with the yield of hexosamine, suggest that the
